The present study was carried-out at Antoniadis Research Branch, Horticultural Research Institute, A.R.C. Alexandria, Egypt during the two successive seasons 2016 and 2017. The aim of this study was to evaluate the effects of irrigation water contaminated with nickel on Salvia splendens plants grown in sandy soil. The possibility of using malic acid spray treatments to overcome the effects of nickel pollution. Seedlings of Salvia splendens were planted individually in plastic pots (20 cm diameter) filled with 3 kg of sandy soil. Four concentrations of nickel 0,100, 200 and 300 ppm were applied in the irrigation water. The plants were treated with malic acid at concentrations of 0, 250 and 500 ppm by monthly spraying in both seasons.
INTRODUCTION
The genus Salvia (Fam.: Lamiaceae), consists of approximately 900 species including shrubs, herbaceous perennials and annuals (Karousou et al., 2000) . Salvia splendens plants were originated in Brazil. Many studies have focused only on sage's secondary metabolites which has aromatic and medicinal properties (Topcu, 2006) . Salvia splendens is considered as one of the most commonly observed ornamental plants in the landscape. Wu et al. (2001) mentioned that landscape and floricultural plants, are damaged due to low or moderate salinity on the irrigation water.
The concentrations of heavy metals increase in the environment from year to year (Govindasamy, 2011) . Plants need trace amount of heavy metal but their availability in the excess may cause plant toxicity (Sharma et al., 2006) . Phytotoxic concentration of the heavy metals referred in the literature does not always specify the levels (Wua et al., 2010) . Nickel is also released into the environment from anthropogenic activities, such as industrial wastes, fertilizer application and organic manures (Salt, 2000) . Nickel is essential for plants (Ragsdale, 1998) . It has been identified as a component of a number of enzymes, including glyoxalases, peptide deformylases and a few superoxide dismutases and hydrogenases (Kupper and Kroneck, 2007) . Therefore nickel plays a role in various important metabolic processes, including ureolysis, hydrogen metabolism, methanbiogenes and acitogensis (Mulrooney and Hausinger, 2003) . Toxic effects of high concentrations of nickel in plants have been frequently reported, for example inhibition of mitotic activities (MadhavaRao and Sresty, 2000) , reductions in plant growth (Molas, 2002) and adverse effects on fruit yield and quality (Gajewska et al., 2006) . Extremely high soil nickel concentrations have left some farmland unsuitable for growing crops, fruits and vegetables (Duarte et al., 2007) .
Malic acid is an organic dicarboxylic acid formed in the metabolic cycles in the cells of plants, and plays a key role in the energy-producing Krebs cycle. Therefore, they can influence the cut flower's vase life (da Silva, 2003) . Malic acid is the organic acid which could be metabolized by reaction of malic enzyme in plant mitochondria by reaction of malic enzyme and this is considered as ability limited to plant (Day and Hanson, 1977) .
In this study Salvia splendens was selected due to its characteristics as non-edible plant, therefore the objective of this study is to evaluate the effects of irrigation water contaminated with nickel on Salvia plants and to investigate the response of these plants to malic acid spray treatments to decrease the harmful effect of nickel pollution in the irrigation water, determine the potential of Salvia in removing nickel from the soil and contaminated irrigated water and to investigate on the ability of Salvia in removing nickel.
MATERIALS AND METHODS
The present study was carried-out at Antoniadis Research Branch, Horticultural Research Institute, A.R.C. Alexandria, Egypt during the two successive seasons 2016 and 2017. The aim of this study was to evaluate the effects of irrigation water contaminated with nickel on Salvia splendens plants grown in sandy soil and the possibility of using malic acid spray treatments to overcome the effects of nickel pollution. The seedlings used to establish the experiment were brought from a commercial nursery in Alexandria as local produced seedlings of Salvia splendens.
On the 3 th of January, 2016 and 2017 in the first and second seasons, respectively, homogeneous seedlings of Salvia splendens (14-16 cm height and 9-11 leaves per plant in average) were planted individually in plastic pots (20 cm diameter) filled with 3 kg of sandy soil. The chemical constituents of the soil were determined as described by Jackson (1958) in Table (1) .
On the 15 th of January in both seasons, the contaminated irrigation water treatments were started. Four concentrations of nickel chloride [NiCl 2 .6H 2 O] 0,100, 200 and 300 ppm were applied. The plants were irrigated three times per week, one irrigation level was used to keep the soil moisture at the field capacity of the sandy soil at 90%.The reduction in the moisture level was determined by using Moisture Tester Model KS-DI (Gypsum Block) during growing season. At the end of the experiment the total amount of irrigation water for each pot was calculated and presented in Tables (2) , every plant received about 37.8 liters per pot of contaminated water. The field capacity of the sandy soil was determined by the pressure Cooker method at 1/3 atm., as described by Israelsen and Hansen (1962) . In both seasons, the plants were received by monthly spraying from 1 th February till 1 th April in both seasons. The plants also were sprayed with malic acid at concentrations of 0, 250 and 500 ppm. Control plants were sprayed with tap water. On 30 th of April in the both two seasons, the plants were harvested.
In the two seasons, all plants received NPK chemical fertilization using soluble fertilizer Koller (1972) , number branches per plant, branches dry weight (g), root length (cm) and root dry weight (g).
(2) Flowering growth parameters Number of florets per spike, spike length (cm) and flower dry weight (g).
(3) Chemical analysis determination: -Total chlorophyll content was determined as a SPAD unites from the fresh leaves of plants for the different treatments under the experiment at the end of the season using Minolta (chlorophyll meter) SPAD 502 according to Yadava (1986) . -Total carbohydrates percentage in the leaves was determined according to Dubios et al.(1956) . -Determination of heavy metals content (Nickel).
Plant samples were divided into leaves stem and roots. They were then dried at 72 • C in an oven until completely dried. The dried plant samples were ground to powder. Element extraction was done according to Piper (1947) method and the concentration of heavy metal was determined using an atomic absorption spectrophotometer. -Available heavy metal, i.e. (Nickel) in soil samples were extracted by DTPA solution according to Lindsay and Norvell (1978) and determined by Inductively Coupled Plasma Spectrometry. -Transfer factor (TF) is given by the relation: the ratio of the concentration of metal in the shoots to the concentration of metal in the soil (Chen et al., 2004) . The transfer factor is a value used in evaluation studies on the impact of routine or accidental releases of pollutant into the environment.
The layout of the experimental design was split plot design with three replicates. Each replicate contained three plants. The main plots were the contaminated irrigation water levels, while the sup plots were the concentrations of malic acid. Data were subjected to analysis of variance (ANOVA) using the SAS program, SAS Institute (SAS Institute, 2002) . The means of the individual factors and their interactions were compared by L.S.D test at 5% level of probability according to Snedecor and Cochran (1989) 
RESULTS

Vegetative growth parameters
Data presented in Table ( Vegetative growth was also significantly affected by spraying the plants with malic acid. In both seasons, vegetative growth was increased gradually when the malic acid concentration was raised from 0 ppm (control) to 500 ppm. Accordingly, it can be seen from the data in Table ( 2 ), number branches per plant (3.16 and 4.00), branches dry weight (4.06 and 4.51 g), root length (30.79 and 40.59 cm) and root dry weight (3.13 and 3.49 g) in the first and second seasons, respectively, were resulted in the plants irrigated with the highest nickel concentration 300 ppm without malic acid treatment. It can also been seen from the data presented in Table ( 3) that in many cases, spraying the plants with malic acid reduced the undesirable effect of contaminated water with nickel.
Flowering growth parameters
The data presented in Table ( 4) show the effect of contaminated water with nickel on flowering growth formed on Salvia splendens plants. In both seasons, plants irrigation with tap water had the highest number of florets per spike (28.82 and 32.06), spike length (14.04 and 15.58 cm) and flower dry weight (10.92 and 12.32 g) in the first and second seasons, respectively. Accordingly, the lowest number of florets per spike (23.35 and 26.52), spike length (10.96 and 12.25 cm) and flower dry weight (8.84 and 9.84 g) in the first and second seasons, respectively, was formed by the plants that were irrigated with highest nickel concentration 300 ppm.
Concerning the effect of malic acid treatments on the flowering growth, the data recorded in Table  ( 4) show that the treatment of malic acid 500 ppm caused a significant increase in the number of florets per spike (26.39 and 29.09), spike length (12.85 and 14.12 cm) and flower dry weight (9.99 and 10.98 g) in the first and second seasons, respectively, compared to that of the control plants in the number of florets per spike (23.82 and 26.78), spike length (11.60 and 12.82 cm) and flower dry weight (9.02 and 9.97 g) in the two seasons, respectively. Table ( 4) showed significant interaction in both seasons between the effects of irrigation with contaminated nickel water and malic acid treatments on flowering parameters formed by Salvia splendens plants. Combination between irrigation using tap water and spraying the plants with malic acid at 500 ppm gave the highest number of florets per plant (29.84 and 32.82), spike length (14.53 and 15.84 cm) and flower dry weight (11.30 and 12.32 g) in the first and second seasons, respectively. On the other hand, the lowest number of florets per plant (22.67 and 25.60), spike length (9.81 and 11.04 cm) and flower dry weight (8.58 and 9.53 g) in the first and second seasons, respectively, were obtained in plants irrigated with the highest nickel concentration 300 ppm and sprayed without malic acid. 3. Chemical analysis determination 3. 1. Total chlorophyll (SPAD) and Carbohydrate (%) content The results presented in Table ( 5) show that the highest content of total chlorophyll and carbohydrate content were obtained in the plant irrigated with tap water had the highest total chlorophyll content (27.70 and 27.81 SPAD) and carbohydrate content (13.03 and 13.02 %) in the first and second seasons, respectively. Raising the nickel concentration in irrigation water resulted in steady significant reductions in the total chlorophyll content and carbohydrate content, which reached its lowest total chlorophyll content (25.13 and 25.35 SPAD) and carbohydrate content (11.66 and 11.87 %) in the first and second seasons, respectively, in plants received the highest nickel concentration 300 ppm.
The results of leaf chemical analysis in Table  ( 5) also show that the tested malic acid treatments had clear effect on the total chlorophyll content and carbohydrate content. The recorded mean values were ranged from total chlorophyll content (27.33 and 27.42 SPAD) and carbohydrate content (12.56 and 12.75 %) in the first and second seasons, respectively, in plants sprayed with 250 ppm malic acid, total chlorophyll content (24.86 and 25.11 SPAD) and carbohydrate content (11.64 and 11.76 %) in the first and second seasons, respectively, in plants sprayed with 0 ppm malic acid.
Regarding to the interaction between the effects of irrigation contaminated water with nickel and malic acid treatments, the data presented in Table  ( 5) showed that the highest total chlorophyll contents of (28.55 and 28.61 SPAD) and carbohydrate content (13.38 and 13.40 %) in the first and second seasons, respectively, were found in leaves of plants irrigated with tap water and sprayed with malic acid at 500 ppm, 3.2. Nickel content in plant parts (ppm)
The data resulting from plant parts chemical analysis in Table ( 5) showed that, the nickel content (ppm) in the plant part of Salvia splendens plants was raised steadily with raising the nickel concentration in the irrigation water. The lowest mean nickel content in leaves (0.130 and 0.143 ppm), nickel content in stem (0.045 and 0.053 ppm) and nickel content in root (0.008 and 0.007 ppm) in the first and second seasons, respectively, was found in the control plants, whereas the highest values content in leaves (0.398 and 0.428 ppm), nickel content in stem (0.229 and 0.253 ppm) and nickel content in root (0.093 and 0.110 ppm) in the first and second seasons, respectively, was found in plants irrigated with water containing the highest nickel concentration 300 ppm.
Concerning the effect of malic acid treatments on the nickel content in plant parts, the data recorded in the two seasons (Table 5) show that malic acid treatment 500 ppm caused a significant decrease in the nickel content in leaves giving mean values (0.178 and 0.193 ppm), nickel content in stem (0.080 and 0.089 ppm) and nickel content in root (0.025 and 0.027 ppm) in the first and second seasons, respectively, compared to that of control plants that had the highest nickel content in leaves (0.389and 0.416 ppm), nickel content in stem (0.227 and 0.248 ppm) and nickel content in root (0.096 and 0.111 ppm) in the first and second seasons, respectively.
Concerning the interaction between the effects of irrigation contaminated nickel water and malic acid treatments on the nickel content in plant parts (leaves stem and root). The results in (Table 5) show that the lowest nickel content in leaves (0.096 and 0.102 ppm), nickel content in stem (0.024 and 0.028 ppm) and nickel content in root (0.006 and 0.003 ppm) in the first and second seasons, respectively, were obtained in the plant parts irrigated with tap water and sprayed with malic acid at 500 ppm. On the other hand, the highest nickel content was obtained in the plant parts that treated with nickel at 300 ppm and receiving no malic acid treatment show that the highest nickel content in leaves (0.591 and 0.645 ppm), nickel content in stem (0.354 and 0.404 ppm) and nickel content in root (0.142 and 0.184 ppm) in the first and second seasons, respectively.
Transfer factor (TF) of heavy metals
Transfer factor (TF) indicates the efficiency of plants to transfer metals from its root to the aerial parts.
Nickel content in soil samples (ppm)
Data in Table ( 6) showed that the lowest average of nickel content was observed in soil cultured by untreated plants, while the highest average of nickel content was observed in soil after the treatment 300 ppm nickel.
Transfer factor to plant parts
From the data presented in Table (7) , it can be stated that the transfer factor in the parts of Salvia splendens plants was increased steadily with raising the nickel concentration in the irrigation water. Accordingly, the lowest transfer factor in leaves (0.941 and 0.967 ppm), transfer factor in stem (0.328 and 0.360 ppm) and transfer factor in root (0.057 and 0.052 ppm) in the first and second seasons, respectively, was found in plants irrigated with water containing 0 ppm nickel (control), whereas the highest transfer factor in leaves (2.412 and 2.427 ppm), transfer factor in stem (1.395 and 1.443 ppm) and transfer factor in root (0.566 and 0.627 ppm) in the first and second seasons, respectively, was found in plants irrigated with water contained 300 ppm nickel.
The results in Table (7) also show that the transfer factor in the plant parts was reduced steadily with raising malic acid concentration. Accordingly, the highest transfer factor in leaves (2.631 and 2.608 ppm), transfer factor in stem (1.517 and 1.546 ppm) and transfer factor in root (0.637 and 0.687 ppm) in the first and second seasons, respectively, was recorded in the parts of control plants, whereas plants sprayed with the malic acid concentration 500 ppm had the lowest transfer factor in leaves (1.047 and 1.062 ppm), transfer factor in stem (0.467 and 0.486 ppm) and transfer factor in root (0.145 and 0.144 ppm) in the first and second seasons, respectively.
Regarding the interaction between effect of irrigation contaminated water and malic acid concentrations on the transfer factor in the plant parts, the data in Table (7) show that the highest transfer factor in leaves (3.740 and 3.816 ppm), transfer factor in stem (2.240 and 2.390 ppm) and transfer factor in root (0.898 and 1.088 ppm) in the first and second seasons, respectively, was obtained in plants irrigated with nickel water at 300 ppm and sprayed with tap water, while the lowest transfer factor in leaves (0.644 and 0.637 ppm), transfer factor in stem (0.161 and 0.175 ppm) and transfer factor in root (0.040 and 0.018 ppm) in the first and second seasons, respectively, was recorded in plants applied with 0 ppm nickel and sprayed with 500 ppm malic acid. 
DISCUSSION
Plants grown in high nickel containing soil showed impairment of nutrient balance and resulted in disorder of cell membrane functions. Other symptoms observed in nickel treated plants were related with changes in water balance. High uptake of nickel induced a decline in water content of dicot and monocot plant species. The decrease in water uptake is used as an indicator of the progression of nickel toxicity in plants (Pandey and Sharma 2002; Gajewska et al., 2006) . However, the information on the effect of excess concentrations of some metals (e.g. Nickel) on anti-oxidative processes is rare (Schickler and Caspi 1999) , but they have been found to be useful to plants in lower concentrations while affecting them drastically at elevated concentrations. In addition, the symptoms of nickel toxicity appeared as a reduction in seedling growth. The growth of the main root is considerably affected and as a result, it exhibits the function of fibrous roots.
All vegetative growth parameters showed a significant reduction after treatment with different concentrations of nickel in water irrigation. These may be due to that nickel has some similar characteristics to Ca, Mg, Mn, Fe, Cu, and Zn. Therefore, nickel may compete with these metals in absorption and transpiration processes (Küpper et al, 1996) . Subsequently, this may affect important physiological processes, and ultimately result in toxic effects (Goncalves, 2007) .
A significant decrease in total chlorophyll content was observed after irrigation with nickel contaminated water. Diminished chlorophyll concentration in the leaves of nickel treated plants might be due to replacement of central Mg from chlorophyll molecules by nickel (Küpper et al., 1996) . Further, decline in chlorophyll concentration (Gajewska et al., 2006) in leaves of nickel treated plants may also be attributed to increase interruption in pigment synthesis and/or increase in degradation of chlorophyll (Sheoran et al., 1990) and (Molas, 1997) ultimately leading to low photosynthetic rates and lower biomass accumulation.
The results showed that there was a significant decrease in total carbohydrate percentage after irrigation with nickel contaminated water. This decrease may be due to reductions in leaf blade area and leaf density (Molas, 1997) . Overall, reductions in plant yield can be attributed to poor plant development (Ahmad et al., 2007) . These results are in harmony with those were obtained by (Srivastava et al., 2012) on Pisum sativum L. seedlings.
The increase in nickel content in dried leaves and roots is probably because plant shaves efficient root absorption mechanisms which allow them to specifically accumulate metals from soils and/or water. After root absorption, nickel can be transported quickly into shoots and leaves and then sequestrated in the vacuole (Milner and Kochian, 2008) . These results are in agreement with those reported by (Skoula et al., 2003) on chamomile, sage (Salvia officinalis) and thymus (Thymus vulgaris).
CONCLUSIONS
Phytoremediation is a new cleanup concept that involves the use of plants to clean or stabilize contaminated environments. Phytoremediation of heavy metals is the most effective plant-based method to remove pollutants from contaminated lands as a result of irrigation with water contaminated with heavy metals. This green technology can be applied to remediate the polluted soils without creating any destructive effect of soil structure. Phytoremediation of contaminated water and soil using non-edible plant like Salvia splendens offers an environmental friendly and cost-effective method for remediating the polluted soil with heavy metals. The Salvia splendens have noticeable potential to absorb toxic heavy metals. This method has been able to use wastewater contaminated with heavy metals in the irrigation of ornamental plants while maintaining soil fertility.
